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@ The present Invention provide a non-woven rBBTtoroe- 
ments for resinous cimposlte. The reinforcements are con- 
structed witti warps consisting of non-twist yams or soft twist 
yams of inutti-filainent having a high strength and a high modu- 
lus on one or both sides of virefts of non-twist yams of soft 
twist yams containing adhesive agent, in whict) the warps and 
the wefts are bonded at intersections ttiereof. 

As the reintorcenient of the present invention has no flex- 
ure different from a woven fabllc, fiber's physicaJ property such 
as a high strength, a high modulus and the liite is reflected 
faultlessly on the composite using the reinforcement. 

In the reinforcement warp is not substantially restrainad, 
so that matrix resin can be impregnated sufticiently into the 
reinforcement. 

Further, the reinforcement is easny handled, because the 
shape is kept by adhesion, especially without iooseness at cut- 



0081843 

- 1 - 

HON-WOVEN SEINFORCEMEMT FOR COMPOSITE 

BACKGROUND OF THE INVENTIO!!? 

5 As a reinforcement for composite < a woven fabric 

has been used in most cases, but the fabric reinforeeaient 
has a considerably low reinforcing effect in comparison with 
a reinforcement having no flexed warp (for example, unidirectional 
prepreg) The warps are flexed above and below wefts at 

10 weaving points, so that a force parallel to the face of the 
fabric is sustained at angled warps . 

Further, woven fablic is restricted in densities 
of warp and weft. Production of a woven fabric having a 
density larger than a specific density is difficult, because 

15 the volume of .the fiber is restricted by the weaving of warp 
and weft, and tha fabric is liable to be napped by mutual 
abrasion of warps. Furthermore, as carbon fibers, etromatic 
polyamide fibers and the like are liable to slip, the production 
of the fabric having a lower density than a specific density 

20 is difficult. Therefore, for keeping a giving interval of 

the warp, other fiber warp is necessary to be woven into the 
interval, which lowers the density of the carbon fibers or 
aromatic polyamide fibers in the woven fabric. 

- A unidirectiona-1 prepreg having an arrangement of 

25 a large number of fibers has been known as a reinforcer, but 
the prepreg splits easily by the reason of their week adhesive 
strength among fibers arranged in unidirection. Therefore, 
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the prepreg must carefully be handled, and preserved at a 
comparably low temperature, and shelf life, is about 2 to S 
months at a temperature of 10 to 15 °C. That is, it has a 
problems about preserving and marketing. 

5 Processes for bonding warps and wefts to make non- 

woven fablic are disclosed in Japanese patent Kokai No. 
40505/1971, Japanese Patent Kokai Ho. 160561/1975, Japanese 
Patent Publication No. 34026/1976, Japanese Patent Publication 
ISO. 23520/1968, and Japanese Patent Publication No. 22792/1963, 

10 but none of them discloses any reinforcement for resinous 
coi^osite. Particularly, in the former three prior arts 
adhesive agents are applied to warp but not weft for bonding 
both, which will prevent a matrix resin to permiate into the 
filaments if thsy are used as reinforcement, ^erefore, the 

15 non-'woven faBlics disclosed in the above literatures are not 
suitable for the ^plication as reinforcement for resinous 
composite- Besides, latter two prior arts disclose application 
of adhesive agent to weft, but suggest neither the use of 
reinforcing fibers such as carbon fibers, aromatic polyamide 

20 fibers and graphite fibers nor application as reinforcement 
for resinous composite. 

Japanese Utility Model Publication Mo. 1747/1981 
discloses production of reinforcement for resinous composite 
made of reinforcing fibers such as carbon fiber bundls, in 

25 which the fiber bundls are arraiiged parallelly and treated 

with adhesive agent to prevent the fiber bundles from loosing, 
- and obtained sheet is fasten with molten synthetic fibers on 
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the both sides of the reinforcing fibers. Defect of the 
above production is that even application of small amount of 
adhesive agent to the fiber bundles is extremely difficult 
industrially- Further, the application of adhesive agent to 
warps i.e. reinforcing fibers, inhibits in5>regnation of 
matrix resin into the reinforcement to frequently cause the 
generation of voids which deteriorate reinforcing effect. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a non- 
woven reinforcement for resinous conposite is produced. The 
reinforcement is constructed with warps consisting of non-^ 
twist yarns or soft twist yarns of multi- filament having a 
high strength and a high modulus on both sides of wefts of 
non-twist yarns or soft twist yarns containing adhesive 
agent, in which the warps and wefts are bonded at intersections 
of them, ^is is a first embodiment of the present invention. 
When a matrix resin is applied to the reinforcement by the 
hand lay-up method, it is feared that the warps oh the side 
of being scrubbed may be taken off. To avoid this disadvantage 
there should be free of warps on the side where scrubbing is 
made. In other words, warps are bended to the wefts only on 
one side of the wefts. This is a second embodiment of the 
present invention. 

DESCRIPTION OF DRAWINGS 
Figures 1 and 2 are schematic illustration of 
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the first and the second embodiments of the present invention 
respectively. Figures 3 and 4 show schematically processes 
for the productions of the reinforcements of the present 
invention. 

5 

DETAILED DESCRIPTION OP THE INVENTION 
At first, present invention provides a non-woven 
reinforcement for resinous coaroosites , in which bundles of 
non-twist yams or soft twist yams are used as weft, adhesive 
10 agent is impregnated into the wefts, and warp bundles are 
piled up on the both side of the wefts to fasten the waxps 
with the adhesive agent in^jregnated into the weft alone. 

According to the pcreaent invention, the deterioration 
of strength of warp by weaving (repeated flexing of fiber) 
15 is prevented? the impregnation of the matrix resin into the 
warp becomes easy and control of the warp density in a wide 
range is enabled. 

The present invention relates to non-woven reinforcement 
for resinous composite which ccm^jrises piling bundles of 
20 non-twist yarns or soft twist yams having a high strength, 
a high modulus as warps on both side of btmdles of non-twist 
yams or soft twist yams as wefts, and bonding the warps 
and wefts on points of intersections. 

The. warp of the present invention includes multifilaments 
25 having a high strength, a high modulus such as carbon fiber, 
graphite fiber, glass fiber, aromatic polyaittide fiber (Kevlar 
fiber) and the like. Fineness of the warp is preferably 
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about 300 to 30000 denier. In order to prevent the fiber 
bundles from loosing it is preferable that the warp is 
twisted slightly, desirably at about 5 to 40 times/m, especially 
10 to 20 times/m. Of course, non-twist yarn may be used. 
Harder twist than 40 times/m not only lowers the strength of 
the reinforcement, but also the Ijopregnation of the matrix 
resin becomes deficient, so that the obtained composite is 
generally weak. 

The weft of the reinforcement according to the 
present Invention is not restricted on fiber itself, and is 
selected from a proper fiber such- as glass fiber, polyester 
fiber, carbon fiber, graphite fiber, aromatic polyamide 
fiber and the like. Suitable fineness of the weft is from 
about 100 to 1500 denier. The weft is preferably a non- 
twist yarn or soft twist yam. In cass of soft twist yazm, 
the number of twists are desirably not more than 4D timas/m, 
especially not more than 20 times/m. A large ntnnber of 
twists make flattening of weft at intersections difficult, 
so that it causes a danger to scratch the warp and deteriorates 
bonding property to warp. Particularly preferable fiber as 
weft is a glass fiber or an aromatic polyamide fiber. 

The adhesive agent Is impregnated into the wefts. 
The intersections of the warps and wefts are fixed by the 
adhesive agent. Preferable adhesive agent is one having a 
sufficient adhesive strength to bear up against production, 
•storage suid transportation of the reinforcement, having 
neither stickiness nor blocking and having an enough adhesive 
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property not to separate warps and wefts by the application 
of matrix resin at the production of the resinous composite. 

Preferable adhesive agent is urathane type, especially 
thermoplastic urethanfe; polyester, especially thermoplastic 

5 polyester, epoxy type, poly amide type, polyacrylic' type, 
vinyl type, and rubber type adhesive agent. Mixtures or 
coi^ounds thereof may be used. 

The amount of the adhesive agent to the weft is 
.preferably 5 to 20g (solid) /lOOg (weft) . 

10 As shown In Figure 1, the warps (2) are piled on 

both side of the wefts (1) to be bonded at the intersections 
(3). Preferable density (the number of warp ends/em) of the 
warp's arrangement is 1 to 20 ends/cm, whereas the density 
of the weft's arrangement is preferable 0.5 to 5 ends/cm. 

15 According to the above first embodiment of the 

present invention, since adhesive agent Is not iii^}regnated 
into the warps, the matrix resin can be pexmiated into the 
warps sufficiently and a composite having a high strength 
can be obtained. Further, as the reinforcement of the 

20 present invention is not a woven fablic and so has no 

flexing of warp, the strength can be improved. Furthermore, 
as the intersections of the warps and wefts are bonded and 
then fixed, the reinforcement can be cut freely to be used 
without' 'untidiness of the warp. Using a carbon fiiaer, a 

25 ■ glass fiber or an. aromatic polyamide fiber as weft, the 

strength in the direction of weft is improved. In con^arison 
with the application of adhesive agent to warp, the amount 
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of the adhesive agent can be reduced. Further, piling the 
warps on both sides of the wefts, the content of warps in 
the reinforcement can be considerably increased, so that the 
strength of the composite using the above reinforcejnent can 
2 be dUnproved. 

In the meanwhile, at the production of a composite 
reinforced with the above reinforcement by hand lay-up, 
warps contacting with a roll or a brush have a tendensy to 
wind on the surface of it to reduce the workability and to 
disorder the arrangement of the warps, so that the composite 
is deteriorated in the strength and in the evenness of 
thickness. 

In order to prevent the above problem, the warps 
are piled on one side of the wefts and the matrix resin is 

25 applied by a roll or a brush on the other side of wefts. 

Such a reinforcement haying one layer of wazp is a second of 
the present invention which is shown in the Figure 2. 

The warps used in the second embodiment are not 
different from the first enbodiment in the kind of fiber, 

20 fineness, twist, density and the like. 

Though the wefts of the second embodiment of the 
present invention are essentially the same as the first 
embodiment, the fineness of the fiber used as the weft is 
preferably 150 to 600 denier. If the fineness is smaller 

25 than 150 denier, the strength of the reinforcement in the 
production or handling and adhesive strength is deficient, 
whereas larger than 600 denier, smoothness of surface of the 



0081843 



reinforcement and the strength of the resinous composite 
proauced using the reinforcement become poor, because the 
Liniality of the warps are reduced by the thick weft at the 
production of the cormosite. 

The number of the twists of the weft is preferably 
0 to 40 tiines/m. 2is the weft hardly be flattened at more 
than 40 times/m, the adhesion with warps is deteriorated and 
the linear arrangement of the warps is inhibited at the 
laminating, so that the reinforcing effect lowers. 

The present invention is illustrated by the Examples 
and Figures 3 and 4. 

As warp carbon fiber bundles (36004, the nuniber of 
filaments: SOGO and, number of twists i 15 t±mes/m) are used. 
Two layers containing 5 00 buridles respectively are drawn out 
from creel stand (14) on the both sides of weft, arranged 
through grooved roll as 5 ends/cm in each layer, and guided 
to pressing roll (5) intersecting with weft, in which bundles 
of each layer are arranged at gaps of bundle files of another 
layer in the manner that the bundles of both sides do not 
overlap each other- 

As weft (1) glass fiber bundles (600d, the number 
of filanients: '400, and tSe number of twists: 20 times/m) are 
used, coiled on weft supporting device (6) through rotating 
arm (7) . The weft is advanced by the rotation of the weft 
supporting device (6) to form a sheet having a parallel 
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wefts at interval of 2 ends/cm, and guided to pressing roll 
(5) of intersection with warp through adhesive agent applying 
roll (9). 

In the meanwhile, selvage yam til) is advanced 
through weft supporting device (6) to support the weft after 
the weft leaves from the supporting device- As the selvage 
yam (11) polyester filament of lOOOd is used. 

As adhesive agent (10) 10% solution of polyvinyl 
butyral resin (available from DENKI KAGAKU K,K.) is used. 
The amount of the adhesive agent attached to the weft is 
controlled to 12% by weight based on the weft using the 
adhesive applying roll (9) . 

The warp and weft bonded by pressing roll (5) are 
dryed in heating oven (12) , and coiled up by take-up roll 
(13) after excess weft and selvage are cut off (Pig. 1). 
The rate of warp is Sm/minute. 

The resultant reinforcement has a uniform arrange- 
ment in weft and also in warp and no slackening of the 
fiber. The reinforcement is constructed with 10 bundles of 
carbon fibers/cm in warp and 2 bundles of glass fibers/cm in 
weft, the weights of the reinforcement are 415g/m^, and the 
weights of carbon fibers are 400g/m^ (96.4%). 

Preparation of composite using reinforcement of 
■ Exaiaple 1: 

Commercially available unsaturated polyester 
"POLYLIGHT FH 123" (available from DAINIPPON INK K.K.) 100 
parts and curing agent "PAEMEK H" (available from NIPPON 
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YDSHI K.K.) 1.0 part are mixed and impregnated into the 
reinforcements of Example 1. Three sheets of the reinforcement 
are laid up in the seune direction of the carbon fiber of the 
warp, held at room temperature for one hour, and postcured 
5 at 80*C for 2 hours to form a laminated composite board of 
2 mm thickness. 

Example 2 

A reinforcement is prepared as the same manner as 
10 Example 1 excepting using aromatic poly amide fiber bundle 

[380d, the nxmiber of filaments: about 260 and the number of 
-twists: 5 tlnesAo) at the density of 10 ends/cm in each both 
layers of warps, glass fiber bundles (600d, the nusiber of 
filaments: 400 and the number of twists: 20 times/m) at the 
15 density of 2 ends/cm as weft, and Nylon copolymer (available 
from TOEay F-K. as CM 8000) at 15% solution, and applying it 
to weft at the amount of 10 solid percent by weight of the 
adhesive agent based on the weight of weft. 

Preparation of co m posite using reinforcement of 
20 Exan^le 2: 

EPICOAT 815 (available f roiti -mKA SHELL EPOXY K.K.) 
100 parts, and curing agent EPOMATE IX- IN. (available from 
SHELL EP0Z7 K.K.) 33 parts are ndxed and in^regnated 
into the' reinforcement of Example 2 uniformly. Fourteen 
25 sheets of the reinforcement are laid in the same direction 

of the aromatic polyamide of the warp, held at room temperature 
for one hour, and postcured at 80° C for 3 hours to form a 
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laminated composite board of 2.5 rm thickness. 
Example 3 

A reinf orceiDent is prepared according to the 
5 substantially same manner as Example 1 excepting using 

aromatic polyamide fiber C380d, the number of filaments: 260 
and no-twist bundle) as weft arranged at the interval of 1 
end/cm and the same adhesive agent as Example 2, and applying 
it to weft at the amount of 13 percent solid by weight based 
10 on weft. 

Preparation of composite using reinforcement of 
Example 3. 

EPICOAT 828 (available from YUKA SHELL EPOXY K.K.) 
as epoxy resin 100 parts and CDEESOL 2E4M (available from 

15 SHIKOKU FINE CHEMICALS K.K.) as curing agent 2 parts are 
mixed and impregnated Into the reinforcement of Example 3. 
Five sheets of the impregnated reinforcement are laid in the 
same direction and held at 80'c for 100 minutes and postcured 
at . 150 "C for 2 hours to form laminated composite of 2.4 mm 

20 thickness . 

Example 4 

A reinforcement is prepared according to the same 
manner as Exiimple 1 excepting that the warp density are 5 
25 ends/cm, the density of weft is 1 end/cm and the amount of 
adhesive agent attached to weft is 14 percent solid by 
weight based on weft. 
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Preparation of oanroosite using reinforcement of 
Example 4: 

The composite is prepared according to the same 
way as the ccanposite in Example 1, excepting using of six 
sheets of reinforcement of Easaa^le 4. Six sheets of composite 
of 2 mm thickness are obtained. 

Physical properties of the above laminated composites 
are shown in Table-1. 

Table 1 



Example nmnbers 


1 


2 


3 


4 


strengthes 










Tensile strength {kg/m^l 


as. 4 


86.2 


146. 


97.0 


Tensile modulus (kg/mm^) 


8380 


4150 


11100 


8300 


FLexural strength (kg/mm^). 


104 


42.6 


142 


100 


Plexural modulus (kg/mm^i 


6400 


4050 


. 10140 


6200 


Compressive strength (kg/mm^i 


37.4 


ia.7 


55.0 


37.1 


Inter laminar shear 2 
strength (kg/mm ) 


7.2 


5.2 


8.5 


6.0 


warp content by voltane C%I 


35 


30 


50 


35 



Kxantple 5 

As warp C2) 250 ca±bon fiber bundles C3600d, the 
number of filaments : 6000 and the number of twists: 15 times/ffi) 
are drawn out from creel stand C14) Below the weft, arranged 
in the width of 500 mm in the ratio of 5 ends/cm through a 
grooved roll C4) , and guided to pressing roll C5)., in which 
the warp is interconnected with the weft. 
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As weft (1) glass fiber bundles OOOd, the nun±>er 
of filaments: 200, the number of twists: 20 tinies/m) is 
coiled on the weft supporliing device (6) through rotating 
arm (7). This weft is advanced by rotation of the weft 
5 supporting device (6), to form a sheet having parallel wefts 
arranged density of 1 weft/om. Adhesive agent (10) is 
applied to the sheet by the adhesive agent applying roll 
O) - 

Using 12 weight percent solution of polyvinyl 
10 butyral resin (available from DENKl KAG&KO K.K.) t the amount 
of the adhesive agent attached to the weft is controlled to 
18g/100g weft. 

The weft advances by endless belt {11} from the 
end of the weft supporting device (6) , and guided to pressing 
15 roll (5) after the adhesive agen-t is dried and melted in the 
heating oven ('12). 

Warps and wefts are bonded by pressing roll, 
perfectly bonded by cooling pressing xoll (IS) after leaving 
endless belt (11) and wound by coiling roll. 
20 The weight of the reinforcement is 207.8g/ni^ and 

that of the carbon fiber is 200g/m^ (96.2%). 

Preparation of composite using reinforce m e n t of 

Example 5 : 

' Commercially available unsaturated polyester resin 
25 "POLYLIGHT HF 123" (available from DAINIPPON INK K.K.) 100 
parts, curing agent "PEMffiC H" (available from NIPPON YUSHI 
K.K.) 1.0 part are mixed and impregnated into the reinforcement 
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of Estample 5. 

The roll having 50 mm diameter, 160 mm length and ' 
1 Kg weight is moved front and rear three times. 

When surface where wefts are arranged and bonded 
5 on the sheet of carbon fiber bundles is evened and defoamed, 
disorder of the arrangement of warp is not observed. 

Comparing the above, when surface of carbon fiber 
bundles of sheet where wefts are not arranged and bonded are 
evened and defoamed, the carbon fibers are adhet^d on the 
10 roll and the arrangement of fibers is disordered. 

5ix sheets of the reinforcement are laid in the 
same direction of the carbon fiber of the varp, held at room 
temperature for one hour, and postcored at 80 for 2 hours 
to fomi a laminated composite board of 2 ims. thickness. 
15 ^e physical proiperties of laminated contposite are 

shown in Table-2. 

Example 6 

A reinforcsnent and a molded composite are -prepared 
20 according to the same maimer as described in Esample 5 

excepting using a thermoplastic urethane "BATHCOAL V-217* 
(available from HEISEX KZUSAKU K.K. ) as adhesive agent at the 
adhesion amount of IBg solid/iOOg weft. When arranged side 
of weft -is defoamed and evened by roll, disorder of warp 
25 arrangement is not observed. A composite of 2 mm thickness 
using six sheets of Example 6 is obtained. 

Physical properties of the laminated composite are 
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shown in Table-2. 



Example 7 

A reinforcement and a molded composite are prepared 
5 according to the same way as Exairaple 5, excepting using 
polyester resin "VYEON 300" (available from TOYO BOSEKI 
K.K.) as adhesive agent at the amount of 18g solid/lOOg 
weft. A composite of 2 mm thickness using six sheets of 
Example 7 is obtained. 
XO When the arranged side of weft is defoaraed and 

evened by roll, disorder of warp arrangement is not observed. 

Physical properties of the lamina-ted congposite are 
shown in Table-2. 

Table-2 



Bxample Ho. 


5 


6 


7 


Strength 








Tensile strength (kg/mm^) 


81.6 


82,3 


81.6 


Tensile modulus (kg/mm^) 


7320 


7020 


7110 


Plexurai strength (kg/mm^) 


106.1 


105.9 


105.1 


Plexural modulus {kg/mm^} 


7060 


6460 


6850 


Interlaminar shear 
strength (kg/mm ) 


6.0 


7.1 


6.5 


Warp content by volume C%) 


35 


35 


35 
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What we claim Is: 

1. A non-woven reinforcement for nowp osite lirfiich 
comprises warps consisting of noa-twist yarns or soft twist 
yarns of multi-filament haying a high strength and a high 
modulus on one or both sides of wefts of non-twist yarn or 
soft twist yarn containing adhesive agent and intersections 
of the warp and weft being bonded. 

2. She reinforcement of claim 1, in which the warps 
are piled on both side of the weft. 

3. The reinforcement of claim 2, in which the multi- 
filament is selected from the group consisting of carbon 
fiber, graphite fiber, aromatic polyamide fiber and glass 
fiber. 

4 . The reinforcement of Claim 2 , in which the number 
of twists of warp is from 0 to 40 times/m. 

5. The reinforcement of claim 2, in \irtiich the number 
of twists of weft is from 0 to 40 times/m. 

6. The reinforcement of claim 2, in which the warp is 
from 1 to 20 ends/cm and weft is from 0.5 to 5 in density 
respectively. 

7. The reinforcement of claim 2, in which the fineness 
of warp is from 300 to 30000 denier. 

8. ■ The reinforcement of claim 2, in which the fineness 
of weft is from 100 to 1500 denier. 

9. The reinforcement of claim 1, in which the warps 
are arranged on one side of weft. 
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10. The reinforcement of claim 9, in which the multifilament 
is selected from the grou^ consisting of carbon fiber, 

graphite fiber, aromatic polyamide fiber and glass fiber. 

11. The reinforcement of claim 9, in which the number 
5 of twists of warp is from 0 to 40 times/m. 

12. The reinforcement of claim 9, in which the number 
of twists of weft is from 0 to 40 times/m. 

13. The reinforcement of claim 9, in which warp is 
from 1 to 20 ends/cm and weft is from 0.5 to 5 in a density 

10 respectively. 

14. The reinforcement of claim 9, in which a fineness 
of warp is from 300 denier to 30000 denier. 

15. The reinforcement of claim 9> in which the fineness 
of weft is from 150 to 600 denier. 
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